Localization and regulation of MuSK at the neuromuscular junction.
The receptor tyrosine kinase, MuSK, is required for the formation of the neuromuscular junction (NMJ) where MuSK becomes phosphorylated when exposed to neuronally synthesized isoforms of agrin. To understand better the mechanisms by which MuSK mediates the formation of the NMJ, we have examined how MuSK expression is regulated during development in the embryo, by neuromuscular injury in the adult and by agrin in vitro. Here we show that MuSK is associated with the earliest observable AChR clusters at the developing motor endplate and that MuSK and AChRs codistribute throughout the development of the NMJ. These two proteins are also coordinately regulated on the surfaces of cultured myotubes where MuSK and AChRs colocalize both in spontaneous and agrin-induced clusters. While MuSK is normally restricted to the motor endplate in adult muscle, denervation results in its extrajunctional expression, although a discernible concentration of MuSK remains localized to the motor endplate even 14 days after denervation. Extrajunctional MuSK is first apparent 3 days after denervation and is sharply reduced upon reinnervation. Muscle paralysis also markedly alters the expression of MuSK in adult muscle and results in increased expression of MuSK as well as increased transcription of MuSK mRNA by extrasynaptic myonuclei. Together, these findings demonstrate that MuSK expression is highly regulated by innervation, muscle activity, and agrin, while the distribution of MuSK is precisely coordinated with that of the AChR.